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METHODS , SYSTEMS AND DEVICES FOR the patient's pleural pressure during spontaneous breathing . 
NON - INVASIVE VENTILATION WITH GAS These systems are inefficient in that they are not precise in 
DELIVERY NOZZLES IN FREE SPACE delivery of the therapy , and they consume a significant 

quantity of oxygen , which is often a drawback because the 
CROSS - REFERENCE TO RELATED 5 system cannot be mobile . 

APPLICATIONS Respiratory support and ventilation therapies provide 
mechanical ventilation ( MV ) to the patient , and mechani 

This application is a continuation of U.S. Non - Provisional cally contribute to the work of breathing . MV therapies 
patent application Ser . No. 14 / 964,961 , filed Dec. 10 , 2015 , interface with the patient by intubating the patient with a 
which is a continuation of U.S. Non - Provisional patent 10 cuffed or uncuffed tracheal tube , or a sealing face mask , 
application Ser . No. 12 / 753,856 filed Apr. 2 , 2010 and issued sealing nasal mask or sealing nasal cannula . While helpful in 
as U.S. Pat . No. 9,227,034 on Jan. 5 , 2016. This application supporting the work of breathing , the patient interfaces used 
also claims the benefit of U.S. Provisional Patent Applica for MV are obtrusive and / or invasive to the user , and MV 
tion No. 61 / 166,150 , filed Apr. 2 , 2009 , U.S. Provisional does not facilitate mobility or activities of daily living and 
Patent Application No. 61 / 239,728 , filed Sep. 3 , 2009 , and 15 is therefore a drawback to many potential users . 
U.S. Provisional Patent Application No. 61 / 255,760 , filed Non - invasive ventilation ( NIV ) is used to ventilate a 
Oct. 28 , 2009 , and U.S. Provisional Patent Application No. patient without requiring intubation . This is a significant 
61 / 294,363 , filed Jan. 12 , 2010 ; the contents of which are advantage in that the patient does not require sedation for the 
incorporated by reference herein in their entireties . therapy . However , the patient cannot use their upper airway 

20 because the interface makes an external seal against the nose 
FIELD OF THE INVENTION and / or mouth , and the system is not mobile , the combination 

of which does not enable activities of daily living . 
The present invention relates to the field of ventilation Minimally invasive ventilation ( MIV ) has been described 

therapy for persons suffering from respiratory and breathing to ventilate a patient with a catheter based delivery system 
disorders , such as respiratory insufficiency and sleep apnea . 25 that does not close the airway , and the patient can breathe 
More specifically , the present invention relates to methods ambient air freely and naturally through their normal pas 
and apparatus for non - invasive open nasal interfaces . sage ways . MIV differs from NIV because in NIV the patient 

interface does not enter the person's body , or minimally 
BACKGROUND OF INVENTION enters the body , and no unnatural channels are required to 

30 gain access to the airway , whereas MIV requires a slightly 
There are a range of clinical syndromes that require some penetrating catheter or interface into an airway , and / or 

form of ventilation therapy . These syndromes may include requires an unnatural channel to be created for airway 
hypoxemia , various forms of respiratory insufficiency and access . MIV therapies have some promise ; owever , the 
airway disorders . There are also non - respiratory and non- patient needs to tolerate a transcutaneous catheter , for 
airway diseases that require ventilation therapy , such as 35 example a percutaneous transtracheal catheter , which can be 
congestive heart failure and neuromuscular disease , respec- beneficial for those whom are already trached or for those 
tively . whom wish to conceal the interface underneath clothing . 

Different and separate from ventilation therapy , is oxygen For treating obstructive sleep apnea ( OSA ) , the gold 
therapy , used for less severe forms of respiratory insuffi- standard ventilation therapy is continuous positive airway 
ciency . The standard of care for oxygen therapy or long term 40 pressure ( CPAP ) or bilevel positive airway pressure ( Bi 
oxygen therapy ( LTOT ) includes administering supplemen- PAP ) , which is a variant to NIV in that the patient partially 
tal oxygen to the patient with a small bore nasal cannula , exhales through exhaust ports in the mask and exhales the 
using a metering device known as an oxygen conserver that balance back into the large deadspace mask and large gas 
releases the oxygen in boluses during a patient's inspiratory delivery tubing . The continuous positive pressure being 
phase . This therapy is not considered ventilation therapy or 45 applied from the ventilator opens the upper airway , using a 
respiratory support , because it does not mechanically help in patient interface mask that seals over the nose and or mouth , 
the work of breathing . or seals inside the nose . While highly effective in treating 
Some entrainment mask systems have been developed OSA , this therapy has poor patient compliance because the 

and used for the purpose of delivering proper mixtures of air patient interface is obtrusive to the patient , and because the 
and therapeutic gas . For example , oxygen reservoir systems 50 patient unnaturally breathes through a mask and gas delivery 
exist that include a mask with ports to entrain room air . Or , circuit . A lesser obtrusive BiPAP and CPAP patient interface 
high flow oxygen delivery systems exist that include an has been described by Wondka ( U.S. Pat . No. 7,406,966 ) , 
air - entrainment mask containing a jet orifice and air entrain- which is used for both NIV and OSA , in which the interface 
ment ports , are designed to fit over the patient's nose and is low profile and allows for an adjustable fitment and 
mouth , and connect to oxygen supply tubing . Oxygen under 55 alignment with the user's face and nose . The interface solves 
pressure is forced through a small jet orifice entering the many of the preexisting problems associated with NIV 
mask . The velocity increases causing a shearing effect distal masks and OSA masks , namely leaks , comfort , tolerance , 
to the jet orifice , which causes room air to be entrained into sleep position , pressure drop and noise , and compatibility 
the mask . These oxygen therapy entrainment systems do not with a variety of anatomical shapes . 
support the work of breathing of the patient , rather they are 60 In summary , existing therapies and prior art have the 
used to deliver proper mixtures of air and oxygen . following disadvantages : they do not offer respiratory sup 

Recently , a variant of oxygen therapy has been employed , port or airway support in a manner that ( 1 ) is non - invasive , 
known as high flow oxygen therapy ( HFOT ) . In this case , and un - obtrusive such that it allows for mobility and activi 
the oxygen flow rate is increased beyond standard LTOT , for ties of daily living , ( 2 ) allows the sensation of breathing 
example , above 10 LPM . Because of the high flow rate , the 65 from the ambient surroundings normally , and ( 3 ) is provided 
oxygen must be humidified to prevent drying out the in an easily portable system or a system that can be easily 
patient's airway . It has been reported that HFOT can reduce borne or worn by the patient . 
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SUMMARY OF INVENTION support may be a headset . At least one sensor may be within 
the manifold . A sound baffle may be provided . A wearable 

The invention may provide ventilation to a patient using ventilator and a portable gas supply may be provided . A 
non - invasive open ventilation ( NIOV ) with a non - invasive ventilator may be provided where the ventilator includes a 
nasal interface that does not completely cover or seal the 5 control unit , wherein the control unit adjusts an output of the 
opening of the patient's mouth or nose . The invention can be ventilator to match a patient's needs based on information 
used to treat respiratory insufficiency by providing MV to from the breath sensor . The system further may include a 
support the work of breathing of a patient , or can be used to ventilator , the ventilator may include a control unit , and the 
treat OSA by pressurizing or providing flow to the airway . control unit may include a speaking mode sensing system , 
The nasal interface may include a novel jet pump nasal 10 and wherein the control unit adjusts an output of the venti 
catheter design , with the nozzle of the catheter positioned lator while a patient is speaking to not be asynchronous with 
near the entrance of the nostrils , and designed with a a patient's spontaneous breathing . The system may include 
geometric configuration which optimizes the fluid dynamics a ventilator , the ventilator may include a control unit , and the 
of the system to improve the efficiency of the system and control unit may include an apnea or hypopnea sensing 
efficacy of the therapy . A pressurized gas , such as a thera- 15 system , and wherein the control unit adjusts an output of the 
peutic gas like oxygen - rich gas or simply pressurized air , ventilator according to apnea or hypopnea . 
may be delivered through the catheter , and when exiting the A non - invasive ventilation system may include a venti 
catheter distal tip , may entrain an amount of ambient air that lator ; a control unit ; a gas delivery circuit in fluid commu 
is 25-250 % of the gas exiting the catheter due to the nication with the ventilator ; a sensing tube in communica 
configuration of the catheter , so that a combination of 20 tion with the control unit ; a shell for coupling to a bridge of 
ventilator - delivered gas and entrained gas is delivered to the a nose ; a connector for coupling the gas delivery circuit and 
patient . Embodiments of the present invention can , for the sensing tube to the shell , and one or more nozzles at a 
example , create an increase of 2-40 cmH20 in the upper distal end of the gas delivery circuit , wherein the one or 
airway , and 1-30 cmH2O in the lung . A ventilator - delivered more nozzles are positioned in free space below an entrance 
gas volume of 50 ml can entrain for example 50 ml , so that 25 to one or more nostrils , and wherein the one or more nozzles 
100 ml is delivered to the patient , with a sufficient driving are aligned with the entrance to the one or more nostrils . 
pressure so that a significant amount of the 100 ml volume The system may include a ledge for contacting a rim of 
reaches the airway or lung to increase pressure in those the one or more nostrils and positioning the system . The 
areas , thus mechanically supporting respiration , or prevent- ledge may include a sensing port connected to the sensing 
ing airway collapse . In the subsequent descriptions , nasal 30 tube . The system may include a portable gas supply , and 
cannula , nasal catheter , jet nozzle , and ventilation interface wherein ventilator is wearable . The control unit may adjust 
are often used interchangeably when pertaining to the pres- an output of the ventilator to match a patient's needs based 
ent invention . jet nozzle , gas delivery port and gas exit on information from the sensing tube . The control unit may 
port may be used interchangeably in the invention . include a speaking mode sensing system , and wherein the 
A non - invasive ventilation system may include an inter- 35 control unit adjusts an output of the ventilator while a patient 

face . The interface may include at least one gas delivery jet is speaking to not be asynchronous with a patient's sponta 
nozzle adapted to be positioned in free space and aligned to neous breathing . The control unit may include an apnea or 
directly deliver ventilation gas into an entrance of a nose . hypopnea sensing system , and wherein the control unit 
The at least one gas delivery jet nozzle may be connected to adjusts an output of the ventilator according to apnea or 
a pressurized gas supply . The ventilation gas may entrain 40 hypopnea . 
ambient air to elevate lung pressure , elevate lung volume , A method for providing respiratory support may include 
decrease the work of breathing or increase airway pressure , providing a non - invasive ventilation system including a 
and wherein the ventilation gas is delivered in synchrony ventilator ; a gas delivery circuit ; at least one jet nozzle 
with phases of breathing . A support for the at least one gas positioned in free space and aligned to directly deliver 
delivery jet nozzle may be provided . A breath sensor may be 45 ventilation gas into an entrance of a nose ; at least one sensor ; 
in close proximity to the entrance of the nose . A patient may and a support for the at least one jet nozzle . The method may 
spontaneous breathe ambient air through the nose without include measuring spontaneous respiration with the at least 
being impeded by the interface . one sensor placed in close proximity to the nostril ; and 

The support may be a connector for coupling the system activating the ventilator to supply ventilation gas in syn 
to a bridge of the nose and aligning the at least one gas 50 chrony with phases of breathing through the gas delivery 
delivery jet nozzle with the entrance of the nose . A gas circuit and to the at least one jet nozzle such that the 
delivery circuit may pass along one side of a face . A sensing ventilation gas entrains ambient air . The ventilation gas may 
tube may pass along an opposite side of the face . The entrain ambient air to elevate lung pressure , elevate lung 
connector may be a shell . The support may be a bracket . The volume , decrease the work of breathing or increase airway 
support may be a skin pad between the nose and mouth . The 55 pressure . 
at least one jet nozzle may be outside the entrance to the The at least one jet nozzle may be outside the entrance to 
nose . The at least one jet nozzle may be substantially flush the nose . The at least one jet nozzle may be positioned 
with the entrance to the nose . The at least one jet nozzle may approximately 0 inches to approximately 1.5 inches outside 
be inside the entrance to the nose . The at least one jet nozzle the entrance to the nose . The at least one jet nozzle may be 
may be positioned approximately 0 inches to approximately 60 positioned within approximately 10 degrees of parallel with 
1.5 inches outside the entrance to the nose . The at least one the entrance to the nose . The at least one jet nozzle may be 
jet nozzle may be positioned within approximately 10 within a manifold . The non - invasive ventilation system may 
degrees of parallel with the entrance to the nose . Ventilation also include a portable gas supply where the ventilator is 
gas may be delivered during inspiration . The at least one jet wearable . The supply of ventilation gas may be adjusted to 
nozzle may be aligned with a positioning arm . The at least 65 meet the needs of a patient based on information from the at 
one jet nozzle may be integrated with a manifold . The least one sensor . The method may also include detecting 
support may be a gas delivery circuit and a sensing tube . The speaking where the supply of ventilation gas is adjusted 






































































